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Description

Technical Field

[0001] The present invention relates to an orthogonal
frequency division multiplexed (OFDM) demodulation
device and method for demodulating an OFDM signal.
[0002] A previously proposed arrangement is dis-
closed in US 2004/081205.

Background Art

[0003] As a system for transmitting a digital signal, a
modulation system called an orthogonal frequency divi-
sion multiplexing (OFDM) system (hereinafter, referred
to as an OFDM system) is used. In the OFDM system, a
large number of orthogonal sub-carrier waves (subcarri-
ers) are provided in the transmission band, and digital
modulation is carried out by allocating data to the ampli-
tudes and phases of the respective subcarriers by PSK
(Phase Shift Keying) and QAM (Quadrature Amplitude
Modulation).
[0004] The OFDM system has a characteristic that the
total transmission rate thereof is the same as that of con-
ventional modulation systems, although the band per one
subcarrier is narrow and the modulation rate is low be-
cause the transmission band is divided by a large number
of subcarriers. Furthermore, in the OFDM system, the
symbol rate is low because a large number of subcarriers
are transmitted in parallel, which allows a short multipath
time length relative to the symbol time length. Therefore,
the OFDM system has a characteristic of being unsus-
ceptible to multipath interference.
[0005] In addition, because data allocation to plural
subcarriers is carried out, the OFDM system has a char-
acteristic that a transceiving circuit can be constructed
by using an IFFT (Inverse Fast Fourier Transform) oper-
ation circuit for performing an inverse Fourier transform
at the time of transmission and using an FFT (Fast Fourier
Transform) operation circuit for performing a Fourier
transform at the time of reception.
[0006] Due to the above-described characteristics, the
OFDM system is frequently applied to digital terrestrial
broadcasting, which is highly susceptible to the influence
of multipath interference. Examples of the standards of
such digital terrestrial broadcasting for which the OFDM
system is employed include DVB-T (Digital Video Broad-
casting-Terrestrial), ISDB-T (Integrated Services Digital
Broadcasting-Terrestrial), and ISDB-TSB (ISDB-T Sound
Broadcasting).
[0007] As shown in FIG. 1, a transmission symbol of
the OFDM system (hereinafter, referred to as an OFDM
symbol) is composed of an effective symbol correspond-
ing to the signal period during which IFFT operation is
performed at the time of transmission and a guard interval
obtained by copying the waveform of a part of the latter
half of this effective symbol as it is. The guard interval is
provided in the former half of the OFDM symbol. In the

OFDM system, the provision of such a guard interval per-
mits inter-symbol interference due to multipath and en-
hances the resistance against multipath.
[0008] Moreover, in the OFDM system, it is defined
that one transmission unit called an OFDM frame is
formed by collecting plural OFDM symbols described
above. For example, in the ISDB-T standard, one OFDM
frame is formed by 204 OFDM symbols. In the OFDM
system, on the basis of this OFDM frame unit, the inser-
tion positions of e.g. a scattered pilot (SP) signal (here-
inafter, referred to as an SP signal) used to estimate the
channel characteristic and a TMCC (Transmission and
Multiplexing Configuration Control)/AC (Auxiliary Chan-
nel) signal including transmission parameters and so on
are defined.
[0009] An arrangement pattern of the SP signal and
the TMCC/AC signal in an OFDM frame employed in the
ISDB-T standard is shown in FIG. 2. The SP signal is
subjected to BPSK (Binary Phase Shift Keying) modula-
tion and inserted at the rate of one subcarrier in twelve
subcarriers along the subcarrier direction (frequency di-
rection). Furthermore, the SP signal is inserted at the
rate of one time per four OFDM symbols for identical
subcarriers along the OFDM symbol direction (time di-
rection). On the other hand, the TMCC/AC signal is sub-
jected to differential BPSK modulation and inserted to
predetermined plural subcarriers. Furthermore, the TM-
CC/AC signal is inserted to identical subcarriers along
the OFDM symbol direction (time direction) for all the
OFDM symbols.
[0010] Note that, hereinafter, a subcarrier to which the
TMCC/AC signal is inserted will be referred to as a pilot
carrier, and a subcarrier to which a normal data signal is
inserted will be referred to as a data carrier.
[0011] By the way, in an OFDM reception device that
receives an OFDM signal whose transmission unit is the
above-described OFDM symbol, an original carrier ar-
rangement like that shown in FIG. 3A is often shifted to-
ward the lower-frequency direction as shown in FIG. 3B
or shifted toward the higher-frequency direction as shown
in FIG. 3C due to a carrier frequency offset. Note that
only 17 subcarriers are shown in FIGS. 3A to 3C for sim-
plification. Therefore, the OFDM reception device is
needed to detect the carrier frequency offset amount and
remove the influence of the carrier frequency offset.
[0012] Conventionally, as a method for detecting a car-
rier frequency offset amount with subcarrier accuracy,
there is a method in which the correlation of the above-
described pilot carriers between adjacent OFDM sym-
bols is utilized. Details of this method are described in
Kenichirou Hayashi et al., "Development of OFDM Key
Techniques", Technical Report of The Institute of Image
Information and Television Engineers (ITE Technical Re-
port), Vol. 23, No. 28, pp. 25 to 30, Mar, 1999. The pro-
cedure of the detection of a carrier frequency offset
amount will be described below with reference to the flow-
chart shown in FIG. 4.
[0013] Initially, in a step S101, the phase rotation
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amount with respect to the one previous OFDM symbol
is calculated for each of the subcarriers of an OFDM sig-
nal obtained after quadrature demodulation. In the ideal
reception state, the phase rotation amounts of pilot car-
riers are each 0 or 180 degrees because the pilot carriers
are subjected to differential BPSK modulation, and the
phase rotation amounts of data carriers are random val-
ues because the data carriers are subjected to e.g. 64
QAM modulation. In order to avoid the state in which the
pilot carriers have two kinds of phase rotation amounts
of 0 and 180 degrees, all the phase rotation amounts are
set to 0 degrees by executing squaring processing before
the calculation of the phase rotation amounts.
[0014] Subsequently, in a step S102, the assumed off-
set amount is defined as k, and k is set to the minimum
value in the search range. The assumed offset amount
k means an offset by k subcarriers from the position re-
garded as the center by the circuit. Subsequently, in a
step S103, it is determined whether or not the assumed
offset amount k is the maximum value in the search
range. If it is not the maximum value, the procedure se-
quence proceeds to a step S104. If it is the maximum
value, the procedure sequence proceeds to a step S107.
[0015] In the step S104, the phase rotation amounts
of the pilot carrier positions that are defined in conformity
with the standard when an offset by k subcarriers is as-
sumed are acquired. In a step S105, the respective phase
rotation amounts are mapped on a circumference having
a fixed radius on a complex plane and converted to ro-
tation vectors, and all the rotation vectors are cumula-
tively added to each other. Subsequently, in a step S106,
k is incremented by one, so that the procedure sequence
returns to the step S103.
[0016] In the step S107, the absolute values of the cu-
mulative-addition-result values are obtained and the
maximum absolute value is sought. In a step S108, the
assumed offset amount k when the maximum absolute
value is obtained is output as the proper carrier frequency
offset amount. This operation is based on the following:
when the assumed offset amount k matches the proper
carrier frequency offset amount, only the rotation vectors
of pilot carriers are cumulatively added and thus a large
absolute value is obtained; however, when the assumed
offset amount k does not match the proper carrier fre-
quency offset amount, the rotation vectors of data carri-
ers are cumulatively added and thus a small absolute
value is obtained due to canceling-out of the rotation vec-
tors.
[0017] For example, when the carrier frequency offset
amount is - 2 and k = - 2, the correlations of pilot carriers
between OFDM symbols are obtained as shown in FIG.
5A, and therefore the absolute value of the cumulative-
addition-result value is large. In contrast, when the carrier
frequency offset amount is - 2 but k = + 1, the correlations
of data carriers between OFDM symbols are obtained as
shown in FIG. 5B, and therefore the absolute value of
the cumulative-addition-result value is small.

Disclosure of Invention

Technical Problem

[0018] The above-described method for detecting a
carrier frequency offset amount is based on an assump-
tion that the reception state is an ideal state. However,
in an actual reception environment, not only a carrier fre-
quency offset but also various offsets such as a sampling
frequency offset are superimposed.
[0019] If a carrier frequency offset exists, as shown in
FIG. 6A, the same phase rotation amount is added to all
the subcarriers between a symbol N and a symbol N +
1. Therefore, if the phase rotation amounts of the pilot
carriers indicated by a, b, c, and d in the drawing are
mapped on a complex plane and converted to rotation
vectors as shown in FIG. 6B and all the rotation vectors
are cumulatively added to each other, the absolute value
of the cumulative-addition-result value is large as shown
in FIG. 6C. This yields a difference from the magnitude
of the absolute value of the cumulative-addition-result
value obtained when the rotation vectors of data carriers
are cumulatively added, which allows the detection of the
carrier frequency offset as described above.
[0020] However, if a sampling frequency offset exists,
as shown in FIG. 7A, the phase rotation amounts in pro-
portion to the subcarrier number are added between the
symbol N and the symbol N + 1. Therefore, if the phase
rotation amounts of the pilot carriers indicated by a, b, c,
and d in the drawing are mapped on a complex plane
and converted to rotation vectors as shown in FIG. 7B
and all the rotation vectors are cumulatively added to
each other, the cumulative-addition-result value is can-
celled out as shown in FIG. 7C. If the distribution of the
phase rotation amounts is narrow, the number of cance-
ling components is also small. Therefore, a difference
from the magnitude of the absolute value of the cumula-
tive-addition-result value obtained when the rotation vec-
tors of data carriers are cumulatively added is yielded,
which allows the detection of the carrier frequency offset.
In contrast, if the phase rotation amounts of all the sub-
carriers range from - n to + n, the cumulative-addition-
result value is completely cancelled out, which results in
failure in the detection of the carrier frequency offset.
[0021] Consequently, conventionally, in order to avoid
such a problem, there is a need to detect the sampling
frequency offset amount in advance and eliminate the
influence of the sampling frequency offset. This causes
a problem that additional circuit and processing time are
required.
[0022] A technical task of the present invention is pro-
posed in consideration of the above-described conven-
tional circumstances, and is to provide OFDM demodu-
lation device and method that can detect a carrier fre-
quency offset amount without detecting a sampling fre-
quency offset amount in advance.
[0023] One embodiment of the OFDM demodulation
device according to the present invention is an OFDM
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demodulation device for demodulating an orthogonal fre-
quency division multiplexed (OFDM) signal. The OFDM
demodulation device has a characteristic which includes
a quadrature demodulating circuit that carries out quad-
rature demodulation of the OFDM signal by using a car-
rier signal having a specific frequency to thereby produce
a baseband OFDM signal, a carrier frequency offset de-
tecting circuit that detects a carrier frequency offset
amount that is the shift amount of the center frequency
of the baseband OFDM signal with subcarrier accuracy,
based on the correlation of subcarriers to which a pre-
determined signal is inserted, of a frequency-domain
OFDM signal, between the transmission symbols, and a
frequency controller that controls the frequency of the
carrier signal depending on the carrier frequency offset
amount. The carrier frequency offset detecting circuit di-
vides subcarriers at positions at which the predetermined
signal is inserted when a specific offset amount is as-
sumed into a plurality of groups, and calculates a corre-
lation value with respect to an adjacent transmission
symbol for each of the groups. The carrier frequency off-
set detecting circuit adds the correlation values to each
other for all the groups, and defines an offset amount
assumed when the maximum addition-result value is ob-
tained as the carrier frequency offset amount.
[0024] One embodiment of the OFDM demodulation
method according to the present invention is an OFDM
demodulation method for demodulating an orthogonal
frequency division multiplexed (OFDM) signal whose
transmission unit is a transmission symbol produced by
quadrature modulation in such a way that information is
divided for a plurality of subcarriers in a predetermined
band. The OFDM demodulation method has a charac-
teristic which includes a quadrature demodulating step
of carrying out quadrature demodulation of the OFDM
signal by using a carrier signal having a specific frequen-
cy to thereby produce a baseband OFDM signal, a Fou-
rier transform step of performing a Fourier transform of
the baseband OFDM signal in units of the transmission
symbol to thereby produce a frequency-domain OFDM
signal, a carrier frequency offset detecting step of detect-
ing a carrier frequency offset amount that is the shift
amount of the center frequency of the baseband OFDM
signal with subcarrier accuracy, based on the correlation
of subcarriers to which a TMCC (Transmission and Mul-
tiplexing Configuration Control) signal, an AC (Auxiliary
Channel) signal, or a CP (Continual Pilot) signal is insert-
ed, of the frequency-domain OFDM signal, between the
transmission symbols, and a frequency control step of
controlling the frequency of the carrier signal depending
on the carrier frequency offset amount. In the carrier fre-
quency offset detecting step, subcarriers at positions at
which the TMCC signal, the AC signal, or the CP signal
is inserted when a specific offset amount is assumed are
divided into a plurality of groups. Furthermore, a corre-
lation value with respect to an adjacent transmission
symbol is calculated for each of the groups, and the cor-
relation values are added to each other for all the groups.

In addition, an offset amount assumed when the maxi-
mum addition-result value is obtained is defined as the
carrier frequency offset amount.
[0025] By the OFDM demodulation device and method
to which the present invention is applied, even when a
sampling frequency offset exists, the carrier frequency
offset amount can be detected without detecting the sam-
pling frequency offset amount in advance.
[0026] Still other objects of the present invention and
specific advantages obtained by the present invention
will become more apparent from the embodiments de-
scribed below with reference to drawings.

Brief Description of Drawings

[0027]

[FIG. 1]
FIG. 1 is a diagram for explaining an OFDM signal,
an OFDM symbol, an effective symbol, and a guard
interval.
[FIG. 2]
FIG. 2 is a diagram for explaining the insertion posi-
tions of an SP signal and a TMCC/AC signal in an
OFDM signal.
[FIG. 3]
FIGS. 3A to 3C are diagrams for explaining a carrier
frequency offset.
[FIG. 4]
FIG. 4 is a flowchart for explaining the procedure of
conventional detection of a carrier frequency offset
amount.
[FIG. 5] FIGS. 5A and 5B are diagrams for explaining
a carrier frequency offset amount and an assumed
offset amount.
[FIG. 6]
FIGS. 6A to 6C are diagrams for explaining the phase
rotation amount of each subcarrier and the cumula-
tive-addition-result value of the phase rotation
amounts on a complex plane when a carrier frequen-
cy offset exists.
[FIG. 7]
FIGS. 7A to 7C are diagrams for explaining the phase
rotation amount of each subcarrier and the cumula-
tive-addition-result value of the phase rotation
amounts on a complex plane when a sampling fre-
quency offset exists.
[FIG. 8]
FIG. 8 is a block diagram of an OFDM reception de-
vice in the present embodiment.
[FIG. 9]
FIGS. 9A to 9C are diagrams for explaining the con-
cept of carrier frequency offset detection in the
OFDM reception device.
[FIG. 10]
FIG. 10 is a flowchart for explaining the procedure
of detection of a carrier frequency offset amount in
the OFDM reception device.
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[FIG. 11]
FIG. 11 is a flowchart for explaining the procedure
of removal of the influence of a sampling frequency
offset from the phase rotation amounts of pilot car-
riers.
[FIG. 12]
FIGS. 12A to 12D are diagrams for explaining one
example of removal of the influence of a sampling
frequency offset from the phase rotation amounts of
pilot carriers.

Best Modes for Carrying Out the Invention

[0028] Embodiments to which the present invention is
applied will be described in detail below with reference
to the drawings.
[0029] Initially, the block configuration diagram of an
OFDM reception device according to the present embod-
iment is shown in FIG. 8. Note that, in the description of
the present specification, if the signal to be transmitted
between blocks is a complex signal, the signal compo-
nent is represented by a heavy line. If the signal to be
transmitted between blocks is a real signal, the signal
component is represented by a light line.
[0030] As shown in FIG. 8, an OFDM reception device
1 includes an antenna 11, a frequency converting circuit
12, a local oscillator 13, an A/D converting circuit 14, a
quadrature demodulating circuit 15, a carrier synchroniz-
ing circuit 16, a local oscillator 17, an FFT operation circuit
18, a window reproducing circuit 19, a carrier frequency
offset detecting circuit 20, and an equalizing circuit 21.
[0031] A transmitted wave from an OFDM transmis-
sion device is received by the antenna 11 of the OFDM
reception device 1 and supplied to the frequency con-
verting circuit 12 as an RF signal having a carrier fre-
quency fc.
[0032] The RF signal received by the antenna 11 is
multiplied by the frequency converting circuit 12 with a
carrier signal that is oscillated by the local oscillator 13
and has a carrier frequency fc + fIF to thereby be sub-
jected to frequency conversion into an IF signal having
an intermediate frequency fIF, followed by being supplied
to the A/D converting circuit 14. The IF signal is digitalized
by the A/D converting circuit 14 and supplied to the quad-
rature demodulating circuit 15.
[0033] The quadrature demodulating circuit 15 carries
out quadrature demodulation of the digitalized IF signal
by using a carrier signal that has the intermediate fre-
quency fIF and is oscillated by the local oscillator 17
whose frequency is controlled by the carrier synchroniz-
ing circuit 16, to thereby output a baseband OFDM signal.
The baseband OFDM signal output from the quadrature
demodulating circuit 15 is a so-called time-domain signal
before being subjected to FFT operation. Based on this,
hereinafter, the baseband signal after the quadrature de-
modulation and before the FFT operation will be referred
to as an OFDM time-domain signal. The OFDM time-
domain signal is obtained as a complex signal including

a real-axis component (I-channel signal) and an imagi-
nary-axis component (Q-channel signal) as a result of
the quadrature demodulation. The OFDM time-domain
signal output by the quadrature demodulating circuit 15
is supplied to the carrier synchronizing circuit 16, the FFT
operation circuit 18, and the window reproducing circuit
19.
[0034] The FFT operation circuit 18 executes the FFT
operation for the OFDM time-domain signal to thereby
extract and output the data carried on the respective sub-
carriers through the quadrature modulation. This signal
output from the FFT operation circuit 18 is a so-called
frequency-domain signal after being subjected to the FFT
operation. Based on this, hereinafter, the signal obtained
after the FFT operation will be referred to as an OFDM
frequency-domain signal.
[0035] The FFT operation circuit 18 extracts the range
equivalent to the effective symbol length from one OFDM
symbol, e.g., signals of 2048 samples. Specifically, the
FFT operation circuit 18 removes the range correspond-
ing to a guard interval from one OFDM symbol and exe-
cutes the FFT operation for the OFDM time-domain sig-
nal of the extracted 2048 samples. The specific position
of the operation start is any position in the range from
the boundary of the OFDM symbols and the end position
of the guard interval. This operation range is referred to
as an FFT window.
[0036] The OFDM frequency-domain signal thus out-
put from the FFT operation circuit 18 is a complex signal
composed of a real-axis component (I-channel signal)
and an imaginary-axis component (Q-channel signal)
similarly to the OFDM time-domain signal. This complex
signal is a signal arising from quadrature amplitude mod-
ulation by e.g. the 16 QAM system or the 64 QAM system.
The OFDM frequency-domain signal is supplied to the
carrier frequency offset detecting circuit 20 and the equal-
izing circuit 21.
[0037] The window reproducing circuit 19 delays the
OFDM time-domain signal by the effective symbol period
and obtains the correlation between the guard interval
part and the signal as the source of the copying for this
guard interval. Based on a part having a high correlation,
the window reproducing circuit 19 calculates the position
of the boundary of the OFDM symbols and generates a
window synchronizing signal indicating the boundary po-
sition. The window reproducing circuit 19 supplies the
generated window synchronizing signal to the FFT op-
eration circuit 18.
[0038] The carrier frequency offset detecting circuit 20
detects a carrier frequency offset amount, which is equiv-
alent to the shift amount of the center frequency, with
subcarrier accuracy based on the OFDM frequency-do-
main signal, and feeds back the detected carrier frequen-
cy offset amount to the carrier synchronizing circuit 16.
The carrier synchronizing circuit 16 controls the oscilla-
tion frequency of the local oscillator 17 based on the fed-
back carrier frequency offset amount. From then on, the
carrier synchronizing circuit 16 can detect a carrier fre-
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quency offset amount with subcarrier accuracy or higher
accuracy based on an OFDM time-domain signal, and
can control the oscillation frequency of the local oscillator
17. Details of the carrier frequency offset detecting circuit
20 will be described later.
[0039] The equalizing circuit 21 removes an informa-
tion component from the OFDM frequency-domain signal
to thereby extract only an SP signal, and obtains the dif-
ference between the extracted SP signal and the refer-
ence SP signal to thereby remove the demodulated com-
ponent. The SP signal from which the demodulated com-
ponent is removed indicates the channel characteristic
of the subcarrier to which the SP signal is inserted. The
equalizing circuit 21 executes time-direction interpolation
processing and frequency-direction interpolation
processing for the SP signal from which the demodulated
component is removed, to thereby estimate the channel
characteristics of all the subcarriers in the OFDM symbol.
By using the estimated channel characteristics, the
equalizing circuit 21 carries out phase equalization and
amplitude equalization for the OFDM frequency-domain
signal. The equalizing circuit 21 outputs to the external
the OFDM frequency-domain signal for which the phase
equalization and the amplitude equalization have been
carried out.
[0040] Next, details of the above-described carrier fre-
quency offset detecting circuit 20 will be described below.
[0041] As described above, if a sampling frequency
offset exists, as shown in FIG. 9A, the phase rotation
amounts in proportion to the subcarrier number are add-
ed between the symbol N and the symbol N + 1. There-
fore, if the phase rotation amounts of the pilot carriers
indicated by a, b, c, and d in the drawing are mapped on
a complex plane and converted to rotation vectors as
shown in FIG. 9B and all the rotation vectors are cumu-
latively added to each other, the cumulative-addition-re-
sult value is cancelled out, which results in failure in the
detection of the carrier frequency offset.
[0042] To address this problem, the carrier frequency
offset detecting circuit 20 in the present embodiment
does not cumulatively add all the rotation vectors based
on the pilot carriers indicated by a, b, c, and d shown in
the drawing. Instead, as shown in FIG. 9C, the carrier
frequency offset detecting circuit 20 regards a and b as
a group A and regards c and d as a group B for example,
and executes the cumulative addition of rotation vectors
in the group. Subsequently, the carrier frequency offset
detecting circuit 20 adds the absolute values of the cu-
mulative-addition-result values obtained on a group-by-
group basis to each other for all the groups. This can
prevent a situation in which the carrier frequency offset
can not be detected due to the cancelling-out of the cu-
mulative-addition-result value and hence a small final ab-
solute value thereof.
[0043] The procedure of the detection of a carrier fre-
quency offset amount by the carrier frequency offset de-
tecting circuit 20 will be described below with reference
to the flowchart shown in FIG. 10.

[0044] Initially, in a step S1, the phase rotation amount
with respect to the one previous OFDM symbol is calcu-
lated for each of the subcarriers of an OFDM time-domain
signal. In the ideal reception state, the phase rotation
amounts of pilot carriers are each 0 or 180 degrees be-
cause the pilot carriers are subjected to differential BPSK
modulation, and the phase rotation amounts of data car-
riers are random values because the data carriers are
subjected to e.g. 64 QAM modulation. Note that, in order
to avoid the state in which the pilot carriers have two
kinds of phase rotation amounts of 0 and 180 degrees,
all the phase rotation amounts are set to 0 degrees by
executing squaring processing before the calculation of
the phase rotation amounts.
[0045] Subsequently, in a step S2, the assumed offset
amount is defined as k, and k is set to the minimum value
in the search range. The assumed offset amount k means
an offset by k subcarriers from the position regarded as
the center by the circuit. Subsequently, in a step S3, it is
determined whether or not the assumed offset amount k
is the maximum value in the search range. If it is not the
maximum value, the procedure sequence proceeds to a
step S4. If it is the maximum value, the procedure se-
quence proceeds to a step S7.
[0046] In the step S4, the phase rotation amounts of
the pilot carrier positions that are defined in conformity
with the standard when an offset by k subcarriers is as-
sumed are acquired. In a step S5, the respective phase
rotation amounts are mapped on a circumference having
a fixed radius on a complex plane and converted to ro-
tation vectors, and the rotation vectors are cumulatively
added to each other on a group-by-group basis. Subse-
quently, in a step S6, k is incremented by one, so that
the procedure sequence returns to the step S3.
[0047] In the step S7, the absolute values of the cu-
mulative-addition-result values are obtained on a group-
by-group basis and the obtained absolute values are add-
ed to each other for all the groups. In addition, the max-
imum addition-result absolute value is sought. In a step
S8, the assumed offset amount k when the maximum
addition-result absolute value is obtained is output as the
proper carrier frequency offset amount. This operation is
based on the following: when the assumed offset amount
k matches the proper carrier frequency offset amount,
only the rotation vectors of pilot carriers are cumulatively
added and thus a large addition-result absolute value is
obtained; however, when the assumed offset amount k
does not match the proper carrier frequency offset
amount, the rotation vectors of data carriers are cumu-
latively added and thus a small addition-result absolute
value is obtained due to canceling-out of the rotation vec-
tors.
[0048] In this way, the carrier frequency offset detect-
ing circuit 20 divides pilot carriers into plural groups, and
obtains the absolute values of the cumulative-addition-
result values on a group-by-group basis, to add the ab-
solute values to each other for all the groups. Due to this
feature, even when a sampling frequency offset exists,
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it is possible to prevent a situation in which the carrier
frequency offset can not be detected due to the cancel-
ling-out of the cumulative-addition-result value and
hence a small final absolute value thereof.
[0049] The number of groups when pilot carriers are
divided into plural groups can be set to any number. How-
ever, it is preferable to optimize the number of groups on
a system-by-system basis, because a larger number of
groups requires a larger memory size although leading
to a smaller number of cancelling components.
[0050] In addition, each group arising from the division
of pilot carriers does not necessarily include subcarriers
close to each other. However, a larger interval between
subcarrier numbers leads to a larger number of cancel-
ling components when a sampling frequency offset ex-
ists. Therefore, it is preferable to collect subcarriers close
to each other into the same group.
[0051] By the way, in the above-described method for
detecting a carrier frequency offset, the carrier frequency
offset amount can be detected without detecting the sam-
pling frequency offset amount in advance. However, if
additional circuit and processing time are permitted, the
carrier frequency offset amount may be detected after
the influence of a sampling frequency offset is removed.
[0052] The procedure of the removal of the influence
of a sampling frequency offset will be described below
with reference to the flowchart shown in FIG. 11.
[0053] Initially, in a step S11, the phase rotation
amounts of the pilot carrier positions that are defined in
conformity with the standard when an offset by k subcar-
riers is assumed as described above are acquired. In a
step S12, the differences in the phase rotation amount
between adjacent pilot carriers are calculated.
[0054] Subsequently, in a step S13, the average
rot_ave of the differences in the phase rotation amount
is calculated. In a step S14, based on the average rot_ave
of the differences in the phase rotation amount and the
distance from the pilot carrier serving as the reference,
the phase rotation amounts of the respective pilot carriers
are corrected.
[0055] For example, a description will be made below
about the case in which a sampling frequency offset ex-
ists and the phase rotation amounts in proportion to the
subcarrier number are added between the symbol N and
the symbol N + 1 as shown in FIG. 12A. The phase ro-
tation amounts of the pilot carriers indicated by a, b, c,
and d in the drawing are as shown in FIG. 12B. In the
steps S12 and S13, as shown in FIG. 12C, the differences
in the phase rotation amount between adjacent pilot car-
riers Δab, Δbc, and Δcd are calculated, and the average
rot_ave = (Δab + Δbc + Δcd)/3 is calculated. Subsequent-
ly, in the step S14, based on the average rot_ave and
the distance from the reference pilot carrier, the phase
rotation amounts of the respective pilot carriers are cor-
rected. If the pilot carrier indicated by a in the drawing is
used as the reference and the phase rotation amounts
of the pilot carriers indicated by a, b, c, and d in the draw-
ing are represented by using a, b, c, and d, respectively,

the phase rotation amounts a’, b’, c’, and d’ after the cor-
rection are represented by the equations shown below. 

[0056] Thereafter, similarly to the above description,
the phase rotation amounts after the correction are
mapped on a circumference having a fixed radius on a
complex plane and converted to rotation vectors, fol-
lowed by cumulative addition of all the rotation vectors.
In this method, pilot carriers do not need to be divided
into plural groups unlike the above-described method,
because the influence of a sampling frequency offset is
removed.
[0057] Hereinbefore, several embodiments of the
present invention have been described. However, it
should be obvious that the present invention is not limited
only to the above-described embodiments but various
changes can be made without departing from the scope
of the present invention as defined by the claims.
[0058] For example, in the above-described embodi-
ment, the phase rotation amounts of the subcarriers to
which a TMCC signal or an AC signal is inserted are used
for detection of a carrier frequency offset.

Claims

1. An orthogonal frequency division multiplexed ,
OFDM, demodulation device for demodulating an
OFDM signal whose transmission unit is a transmis-
sion symbol produced by quadrature modulation in
such a way that information is divided for a plurality
of subcarriers in a predetermined band, the OFDM
demodulation device comprising:

quadrature demodulating means (15) that car-
ries out quadrature demodulation of the OFDM
signal by using a carrier signal having a specific
frequency to thereby produce a baseband
OFDM signal;
a Fast Fourier Transform, FFT, operation means
(18) that performs a Fourier transform of the
baseband OFDM signal in units of the transmis-
sion symbol to thereby produce a frequency-do-
main OFDM signal;
carrier frequency offset detecting means (20)
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that detects a carrier frequency offset amount
that is a shift amount of a center frequency of
the baseband OFDM signal as an offset of a
number of subcarriers, based on correlation of
subcarriers to which a predetermined signal is
inserted, of a frequency-domain OFDM signal,
between the transmission symbols, wherein
the predetermined signal includes at least any
of a Transmission and Multiplexing Configura-
tion Control, TMCC, signal, an Auxiliary
Channel , AC, signal, or a Continual Pilot, CP,
signal; and
frequency control means (16) that controls a fre-
quency of the frequency-domain OFDM signal
depending on the carrier frequency offset
amount, wherein
the carrier frequency offset detecting means di-
vides subcarriers at positions at which the TM-
CC signal, the AC signal, or the CP signal is
inserted when a specific offset amount is as-
sumed into a plurality of groups, and the carrier
frequency offset detecting means maps squares
of phase rotation amounts with respect to an im-
mediately-previous transmission symbol on a
complex plane and converts the squares to ro-
tation vectors, the carrier frequency offset de-
tecting means cumulatively adds the rotation
vectors to each other for each of the groups to
thereby calculate absolute values of cumulative-
addition-result values, and adds the absolute
values of the cumulative-addition-result values
calculated on a group-by-group basis to each
other for all the groups to thereby calculate an
addition-result absolute value, and the carrier
frequency offset detecting means defines an off-
set amount assumed when a maximum addi-
tion-result absolute value is obtained as the car-
rier frequency offset amount.

2. The OFDM demodulation device according to claim
1, the OFDM signal being obtained as a time-domain
signal through execution of an inverse Fourier trans-
form on a transmission side, the OFDM demodula-
tion device further comprising
Fourier transform means that performs a Fourier
transform of the baseband OFDM signal in units of
the transmission symbol to thereby produce a fre-
quency-domain OFDM signal.

3. An orthogonal frequency division multiplexed ,
OFDM, demodulation method for demodulating an
OFDM signal whose transmission unit is a transmis-
sion symbol produced by quadrature modulation in
such a way that information is divided for a plurality
of subcarriers in a predetermined band, the OFDM
demodulation method comprising:

a quadrature demodulating step of carrying out

quadrature demodulation of the OFDM signal
by using a carrier signal having a specific fre-
quency to thereby produce a baseband OFDM
signal;
a Fourier transform step of performing a Fourier
transform of the baseband OFDM signal in units
of the transmission symbol to thereby produce
a frequency-domain OFDM signal;
a carrier frequency offset detecting step of de-
tecting a carrier frequency offset amount that is
a shift amount of a center frequency of the base-
band OFDM signal as an offset of a number of
subcarriers, based on correlation of subcarriers
to which a Transmission and Multiplexing Con-
figuration Control, TMCC, signal, an Auxiliary
Channel, AC, signal, or a Continual Pilot, CP,
signal is inserted, of the frequency-domain
OFDM signal, between the transmission sym-
bols; and
a frequency control step of controlling a frequen-
cy of the frequency-domain OFDM signal de-
pending on the carrier frequency offset amount,
wherein
in the carrier frequency offset detecting step,
subcarriers at positions at which the TMCC sig-
nal, the AC signal, or the CP signal is inserted
when a specific offset amount is assumed are
divided into a plurality of groups, squares of
phase rotation amounts with respect to an im-
mediately-previous transmission symbol are
mapped on a complex plane and converted to
rotation vectors, the rotation vectors are cumu-
latively added to each other for each of the
groups to thereby calculate absolute values of
cumulative-addition-result values, the absolute
values of the cumulative-addition-result values
calculated on a group-by-group basis are added
to each other for all the groups to thereby cal-
culate an addition-result absolute value, and an
offset amount assumed when a maximum addi-
tion-result absolute value is obtained is defined
as the carrier frequency offset amount.

Patentansprüche

1. Orthogonalfrequenzmultiplex-Demodulationsvor-
richtung, OFDM-Demodulationsvorrichtung, zum
Demodulieren eines OFDM-Signals, dessen Sende-
einheit ein Sendesymbol ist, das durch eine Quadra-
turmodulation in der Weise erzeugt wird, dass Infor-
mationen für mehrere Unterträger in ein vorgegebe-
nes Band aufgeteilt werden, wobei die OFDM-De-
modulationsvorrichtung Folgendes umfasst:

Quadraturdemodulationsmittel (15), die eine
Quadraturdemodulation des OFDM-Signals
durch Verwenden eines Trägersignals mit einer
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bestimmten Frequenz ausführen, um dadurch
ein Basisband-OFDM-Signal zu erzeugen;
Mittel zum Betreiben einer schnellen Fourier-
Transformation, FFT, (18), die eine Fourier-
Transformation des Basisband-OFDM-Signals
in Einheiten des Sendesymbols ausführen, um
dadurch ein Frequenzbereich-OFDM-Signal zu
erzeugen;
Trägerfrequenzversatz-Detektionsmittel (20),
die einen Trägerfrequenzversatzbetrag eines
Frequenzbereich-OFDM-Signals zwischen den
Sendesymbolen, der ein Verschiebungsbetrag
einer Mittenfrequenz des Basisband-OFDM-Si-
gnals ist, als einen Versatz einer Anzahl von Un-
terträgern aufgrund einer Korrelation von Unter-
trägern, zu denen ein vorgegebenen Signal ein-
gefügt wird, detektieren, wobei
das vorgegebene Signal ein Sende- und Multi-
plexkonfigurationsteuersignal, TMCC-Signal,
und/oder ein Hilfskanalsignal, AC-Signal,
und/oder ein durchgängiges Pilotsignal, CP-Si-
gnal, enthält; und
Frequenzsteuermittel (16), die eine Frequenz
des Frequenzbereich-OFDM-Signals abhängig
von dem Trägerfrequenzversatzbetrag steuern,
wobei
die Trägerfrequenzversatzdetektionsmittel Un-
terträger an Positionen, an denen das TMCC-
Signal, das AC-Signal oder das CP-Signal ein-
gefügt ist, wenn ein bestimmter Versatzbetrag
angenommen wird, in mehrere Gruppen auftei-
len und die Trägerfrequenzversatzdetektions-
mittel Quadrate der Phasenrotationsbeträge in
Bezug auf ein unmittelbar vorhergehendes Sen-
desymbol auf eine komplexe Ebene abbilden
und die Quadrate in Rotationsvektoren umwan-
deln, wobei die Trägerfrequenzversatzdetekti-
onsmittel für jede der Gruppen kumulativ die Ro-
tationsvektoren zueinander addieren, um da-
durch absolute Werte von kumulativen Additi-
onsergebniswerten zu berechnen, und die ab-
soluten Werte der kumulativen Additionsergeb-
niswerte, die auf einer gruppenweisen Basis be-
rechnet werden, für alle Gruppen zueinander
addieren, um dadurch einen absoluten Wert des
Additionsergebnisses zu berechnen, und die
Trägerfrequenzversatzdetektionsmittel einen
Versatzbetrag definieren, der angenommen
wird, wenn ein maximaler absoluter Wert des
Additionsergebnisses als der Trägerfrequenz-
versatzbetrag erhalten wird.

2. OFDM-Demodulationsvorrichtung nach Anspruch 1,
wobei das OFDM-Signal als ein Zeitbereichssignal
durch Ausführen einer inversen Fourier-Transfor-
mation auf einer Sendeseite erhalten wird, wobei die
OFDM-Demodulationsvorrichtung ferner Folgendes
umfasst:

Fourier-Transformationsmittel, die eine Fourier-
Transformation des Basisband-OFDM-Signals
in Einheiten des Sendesymbols ausführen, um
dadurch ein Frequenzbereich-OFDM-Signal zu
erzeugen.

3. Orthogonalfrequenzmultiplex-Demodulationsver-
fahren, OFDM-Demodulationsverfahren, zum De-
modulieren eines OFDM-Signals, dessen Sendeein-
heit ein Sendesymbol ist, das durch eine Quadratur-
modulation in der Weise erzeugt wird, dass Informa-
tionen für mehrere Unterträger in ein vorgegebenes
Band aufgeteilt werden, wobei das OFDM-Demodu-
lationsverfahren Folgendes umfasst:

einen Quadraturdemodulationsschritt des Aus-
führens einer Quadraturdemodulation des OF-
DM-Signals durch Verwenden eines Trägersig-
nals mit einer bestimmten Frequenz, um da-
durch ein Basisband-OFDM-Signal zu erzeu-
gen;
einen Fourier-Transformationsschritt des Aus-
führens einer Fourier-Transformation des Ba-
sisband-OFDM-Signals in Einheiten des Sen-
desymbols, um dadurch ein Frequenzbereich-
OFDM-Signal zu erzeugen;
einen Trägerfrequenzversatzdetektionsschritt
des Detektierens eines Trägerfrequenzversatz-
betrags des Frequenzbereich-OFDM-Signals
zwischen den Sendesymbolen, der ein Ver-
schiebungsbetrag einer Mittenfrequenz des Ba-
sisband-OFDM-Signals ist, als einen Versatz ei-
ner Anzahl von Unterträgern anhand einer Kor-
relation von Unterträgern, zu denen ein Sende-
und Multiplexkonfigurationssteuersignal, TM-
CC-Signal, ein Hilfskanalsignal, AC-Signal,
oder ein durchgängiges Pilotsignal, CP-Signal,
eingefügt wird,; und
einen Frequenzsteuerschritt des Steuerns einer
Frequenz des Frequenzbereich-OFDM-Signals
abhängig von dem Trägerfrequenzversatzbe-
trag, wobei
in dem Trägerfrequenzversatzdetektionsschritt
Unterträger an Positionen, an denen das TM-
CC-Signal, das AC-Signal oder das CP-Signal
eingefügt sind, wenn ein bestimmter Versatzbe-
trag angenommen wird, in mehrere Gruppen
aufgeteilt werden, Quadrate der Phasenrotati-
onsträger in Bezug auf ein unmittelbar vorher-
gehendes Sendesymbol auf eine komplexe
Ebene abgebildet werden und in Rotationsvek-
toren umgewandelt werden, wobei die Rotati-
onsvektoren für jede der Gruppen kumulativ zu
einander addiert werden, um dadurch absolute
Werte der kumulativen Additionsergebniswerte
zu erhalten, wobei die absoluten Werte der ku-
mulativen Additionsergebniswerte, die auf einer
gruppenweisen Basis berechnet sind, für alle
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Gruppen zueinander addiert werden, um da-
durch einen absoluten Wert des Additionser-
gebnisses zu berechnen, und ein Versatzbe-
trag, der angenommen wird, wenn ein maxima-
ler absoluter Wert des Additionsergebnisses er-
halten wird, als der Trägerfrequenzversatzbe-
trag definiert wird.

Revendications

1. Dispositif de démodulation à multiplexage par répar-
tition orthogonale de la fréquence, OFDM, permet-
tant de démoduler un signal OFDM dont l’unité de
transmission est un symbole de transmission produit
par modulation en quadrature de manière à assurer
une division de l’information pour une pluralité de
sous-porteuses dans une bande prédéfinie, le dis-
positif de démodulation OFDM comprenant :

un moyen de démodulation en quadrature (15)
qui effectue une démodulation en quadrature du
signal OFDM en utilisant un signal de porteuse
d’une fréquence spécifique de façon à produire
un signal OFDM de bande de base ;
un moyen d’opération par Transformation de
Fourier Rapide, FFT, (18) qui effectue une
Transformation de Fourier du signal OFDM de
bande de base dans des unités du symbole de
transmission de façon à produire un signal
OFDM dans le domaine fréquentiel ;
un moyen de détection de décalage de fréquen-
ce porteuse (20) qui détecte une quantité de dé-
calage de fréquence porteuse, à savoir une
quantité de déplacement d’une fréquence cen-
trale du signal OFDM de bande de base sous
forme d’un décalage d’un certain nombre de
sous-porteuses, sur la base d’une corrélation de
sous-porteuses par rapport auxquelles un signal
prédéfini est inséré, d’un signal OFDM dans le
domaine fréquentiel, entre les symboles de
transmission,
le signal prédéfini comportant au moins un si-
gnal quelconque parmi un signal de Commande
de Configuration de Transmission et Multiplexa-
ge, TMCC, un signal de Canal Auxiliaire, AC, ou
un signal d’Onde Pilote Continue, CP ; et
un moyen de commande de fréquence (16) qui
commande une fréquence du signal OFDM
dans le domaine fréquentiel en fonction de la
quantité de décalage de fréquence porteuse,
le moyen de détection de décalage de fréquence
porteuse divisant, en une pluralité de groupes,
des sous-porteuses à des positions d’insertion
du signal TMCC, du signal AC ou du signal CP
en adoptant une quantité de décalage spécifi-
que, et le moyen de détection de décalage de
fréquence porteuse mappant sur un plan com-

plexe des carrés de quantités de rotation de pha-
se par rapport à un symbole de transmission
immédiatement antérieur et convertissant les
carrés en vecteurs de rotation, le moyen de dé-
tection de décalage de fréquence porteuse ad-
ditionnant les uns aux autres de façon cumula-
tive les vecteurs de rotation pour chacun des
groupes de manière à calculer des valeurs ab-
solues de valeurs de résultat d’addition cumu-
lative, et additionnant les unes aux autres les
valeurs absolues des valeurs de résultat d’ad-
dition cumulative calculées groupe par groupe
pour la totalité des groupes de manière à calcu-
ler une valeur absolue de résultat d’addition, et
le moyen de détection de décalage de fréquence
porteuse définissant comme la quantité de dé-
calage de fréquence porteuse une quantité de
décalage adoptée lorsqu’une valeur absolue de
résultat d’addition maximale est obtenue.

2. Dispositif de démodulation OFDM selon la revendi-
cation 1, le signal OFDM étant obtenu sous forme
d’un signal dans le domaine temporel par application
d’une transformation de Fourier inverse d’un côté
transmission, le dispositif de démodulation OFDM
comprenant en outre
un moyen de transformation de Fourier qui effectue
une transformation de Fourier du signal OFDM de
bande de base dans des unités du symbole de trans-
mission de manière à produire un signal OFDM dans
le domaine fréquentiel.

3. Procédé de démodulation à multiplexage par répar-
tition orthogonale de la fréquence, OFDM, permet-
tant de démoduler un signal OFDM dont l’unité de
transmission est un symbole de transmission produit
par modulation en quadrature de manière à assurer
une division de l’information pour une pluralité de
sous-porteuses dans une bande prédéfinie, le pro-
cédé de démodulation OFDM comprenant :

une étape de démodulation en quadrature con-
sistant à effectuer une démodulation en quadra-
ture du signal OFDM en utilisant un signal de
porteuse d’une fréquence spécifique de façon à
produire un signal OFDM de bande de base ;
une étape de transformation de Fourier consis-
tant à effectuer une transformation de Fourier
du signal OFDM de bande de base dans des
unités du symbole de transmission de façon à
produire un signal OFDM dans le domaine
fréquentiel ;
une étape de détection de décalage de fréquen-
ce porteuse consistant à détecter une quantité
de décalage de fréquence porteuse, à savoir
une quantité de déplacement d’une fréquence
centrale du signal OFDM de bande de base sous
forme d’un décalage d’un certain nombre de
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sous-porteuses, sur la base d’une corrélation de
sous-porteuses par rapport auxquelles un signal
de Commande de Configuration de Transmis-
sion et Multiplexage, TMCC, un signal de Canal
Auxiliaire, AC, ou un signal d’Onde Pilote Con-
tinue, CP, est inséré, du signal OFDM dans le
domaine fréquentiel, entre les symboles de
transmission ; et
une étape de commande de fréquence consis-
tant à commander une fréquence du signal
OFDM dans le domaine fréquentiel en fonction
de la quantité de décalage de fréquence porteu-
se,
l’étape de détection de décalage de fréquence
porteuse consistant à diviser, en une pluralité
de groupes, des sous-porteuses à des positions
d’insertion du signal TMCC, du signal AC ou du
signal CP en adoptant une quantité de décalage
spécifique, mapper sur un plan complexe des
carrés de quantités de rotation de phase par rap-
port à un symbole de transmission immédiate-
ment antérieur et les convertir en vecteurs de
rotation, additionner les uns aux autres de façon
cumulative les vecteurs de rotation pour chacun
des groupes de manière à calculer des valeurs
absolues de valeurs de résultat d’addition cu-
mulative, additionner les unes aux autres les va-
leurs absolues des valeurs de résultat d’addition
cumulative calculées groupe par groupe pour la
totalité des groupes de manière à calculer une
valeur absolue de résultat d’addition, et définir
comme la quantité de décalage de fréquence
porteuse une quantité de décalage adoptée
lorsqu’une valeur absolue de résultat d’addition
maximale est obtenue.
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